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Abstract

Several of the factors that influence substrate based control of diastereoselection in
Cp2Z1(Il) mediated enyne cyclizations have been illuminated by examination of an
extensive series of substituted enynes. An eminently practical, catalytic,
photopromoted Pauson-Khand reaction that proceeds under mild reaction
conditions (50 - 55 °C) under 1 atm of CO was developed. The photopromoted
Pauson-Khand reaction 1s compatible with substrates bearing of a wide variety of
functional groups and substitution patterns. In some instances, substrate
modification resulted in improved yields and increased diastereoselection. Studies
directed toward the synthesis of carbacyclin resulted in a short enantiocontrolled
synthesis of the epi-carbacyclin core. The key steps of this synthesis were an Evans
syn-aldol- condensation and ring closure by the catalytic photopromoted Pauson-
Khand reaction. »




1. Introduction

In recent years, the development of new transition metal mediated processes
has become one of the most active and exciting areas of research in synthetic -
chemistry. The power of metal mediated processes often lies in their ability to
confer a high degree of molecular complexity to inexpensive aﬁd structurally simple
starting materials with relatively little cost or effort. The direct foﬁnation of
bicyclic metallocyclopentenes from simple enynes by group IV metallocene
reagents illustrates the synthetic potential of this class of reactions. Because ’Fhe
intermediate metallocyclopentenes can be further functionalized by a variety of
electrophiles, an array of cyclic products 1s available from the same acyclic
precursor.

In order to further understand factors that contribute to substrate control of
diastereoselectivity iri Cp2Zr(II) mediated enyne cyclizations, a diverse series of
substituted enynes has been sypthesized and subsequently studied in cyclization
reactions. The results of these experiments led to the evolution of several synthetic
strategies directed toward the synthesis of carbacyclin. The key ring forming step of
these syn_thetic endeavors focused oﬁ the use of a Cp,Zr(Il) mgdiated enyne

cyclization and tandem carbonylation sequence. The search for an improved
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cyclization protocol to effect this transformation has led to the development of a

novel, catalytic photopromoted Pauson-Khand reaction.
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cyclopentenones, or treated with I, to give the 1-vinyl-4-alkyl diiodo derivatives, all
in moderate yields. Negishi later reported that treatment of Cp,ZrCl, with two
equivalents of #-BuLi at low tefnperatures offered an easy and economical method
for the in situ preparation of a éirconocene equivalent.” This disclosure resulted in
the rapid acceptance of “zirconocene” as a useful synthetic reagent. The flourish of
research since Negishi's initial disclosure has resulted in many contributions leading
to the rich and interesting.chemistry of zirconium(ﬁ) species.Zb’3
Some heteroatom linkages were found not only to be tolerant of the reaction

conditions, but increased the -reactivity of 1- or 2-substituted alkenynes (Scheme
2).* Substituted alkeneé with a carbogenic tether failed to react in the usual manner,
but instead dimerized to give zirconocylcopentadienes in good yield. The
heteroatom contraétion offered by a benzylamine linkage resulted in the expected
zirconocyclopentene product even with substituted alkenes. Oxygen tethers
resulted in com_plex product mixtures,’ although with dienes (vide infi-a, section 2.3

(Chapter 2, subsection 3)) this reactivity has been attenuated to become a route to

allylic- and propargyliczirconocene derivatives.®




&GA G &GA G
% 0 12

234 .

)
"1l L (# )%=H () (2 1%1%1 1.9%&H!( - #I#* #'#1( 4%,
(P =0, " %+H& #H1(%&) #* (% "% -, | " %+& JH(# %l 1.4
(1 # +x((# #-CH#H#*. &H& #'%, G +(# % G3B
HL- W I B=*&H#& # (O# (%! %' 1 1% H&(# (% *%.+( %!
%' &GAHA( +9G #-+1#- LO# | O# & #H#11# %'
CH(LH() % .0 (I )H & #& (%1% #& #HI(H- *+&# % Y%o+(# (%

O, 1" %+& WH(#H %1 1.#*



'#/1 6$3 7 7/ 7

1 3
H1(%&) # %o-+1( HH((3 H #-9
R 3 HBIX9
) .G *3 HJ7X9
3 HIBX9
% 8 (9"
G G.G R 3 HIIX9
#3 HI@X9
8 G.G H7IX9>

o 06! H1%4H #- *( (1", (# .

0%+") %() O# *&G - *&81 %!* %+!- (% 2 1%! +, #"#1( 4#.
(H(. (# (%, 1" %+& #HL(%&) #*3 (W ) At *+" L#I(. - "# #)(
1+1.4%8&) . 1 ( (% ..%= *.H1( 44 %1% +11(%! .2 (%! )#*&81 %! #1(*
H-. = () Yl #I+ 4 (% HHL( %) #3 =) #* 1 (. #1(% ((#*&G1 %!
X4 (+.. H1$1%=! #H# (%! %' 2 1%I1%1 1.%&H (HH# = () -#+# % #() |%.
H #9 '%..%=#- [+#%+* =% $ +& "% -#- ()# 1 1.%&H( 1# | #21#. #I( #.-
= () -#+(H# +, 11% &% (%! *%.4. %! (O# H#()." %+& # (#( %' O#
2 1%I1%1 1.# = () #() 1%. H #/9 '%..%=#- | 1-1-#+# +, %? -# [+#1)
& %6d -#- O# 1 L%&HI( W= () #+# +, 11% &% (%! *%.#. ((O#4!.1
&%* (%! B (J# #.41(%&) #*3 *+1) * %- 1# *% '%..Y%=H- O# * # # 1(4(

&(#!() 4",



) 4
&¥)+(2) * *)%=! () (1 (. (1 +H O 1%!4# (#- O# 2 1%! +, %+!- *&G
1 %! %' 2 1%1%1 1.9&##H (% )"). #1(4# 1+& (# \(# # #0 (

&-. +1-#"%H* 531 - (%! (% 3 +1* (+ (#- #%W* () "9

212# ,

A 1%1%1 1.1%&#1( 8 #1#*3 -# 4#-' %, O# # 1(%! %' &2A .G #-+1#-
LO# &#HILH %' #$ | - #F HE" *%& #IHO3 -#,%!%( (# - 4# *#
HL(4( )" H1H%&) . 1( () " ), HAH=H- *

L2 1%101H#IH # 4 (48 =) 1) #1(=() &%. % %! &%. J(**(#* ( *



I #5(1" (% 19%(# () (&%, (F*E* # 1(#- -< 1#1( (% O# #(0) . " %+& =) #

1061806, < **(#* # 1(#- = () O# 4% ) 1-##- 1 %!



% &

Y #A4L - (%! %' & %LE () (1% %. O# #. (48 - *%.+(#
*(HHW I * 0 1)#, 1. (%%, (%% *1 (1.'% #1)1%(1 \(# & #( (%!
I & I IO0#( 1 *( (#"#* 156B63 <! + - +"#I(-#1 # (#
CR(H? &M% *+ *( (# 1%1( %. | *(H HY AL 4% U2 1%I%1HHY #- (H- # 1H
11.2(%* %5 1.2 (%! %'7*.%? 1%! 6# : ¥ "%-# ' -

$.-HL1%&H( W ! Gl (% # (% !6:X%4# .. #- () "

)
M= () OF $1%=4-"# () (U2 1%!%1#HV #- (#- #1112 (%!
Ull+ #-= () Yo-#t (#*+*( (# -# M *(# #%1%!( %.3 O# & #& #- |
B (%4 1. &+#:Y83I37 ( *+ *((+(#-#1 14 () (1 1. 24 (% " 4#
CKEHH% L S - 1 IB % (% !JI5X %4 .. #- () " )

H& ML ( %+ *( (+(H- #) 1 & %4 -#- %!, %ol - *(# #%,#!1 & %o-+1(



5@

% > % > 234 % > 234
234 3
& 2234
B(%5
% >
234
&
) *( & +*

)

% (%!. 1. ** 0" O V' +#ILH* %' 1" *+ *((+( %! %! *(# #% 1-+1( %!
%'2 1061 +,H O #- (#- #1111 2 (%1% = * +1-4 (S$# +1(. 4 1")%+*# -
+-3 1 &H., 1 1%,,+1 1 (%I3 #?, - # % * 1" X (H(#
H 5G PLH. HI( HARF 0" - *(H HYHHL( %! =H # Yo H A 1 () (# 1) #? &#
TAB Rl K1 H - KHHY%H 1 & %-+1(H H# GO ) \# # (#
2 1%1%1 1.%&H(HH* "% #-' %, O# 2 1%,+H 9 # #11.2 (%!* 1!
B+ . (# (% O# 0% %1, 1. %*(*( #&%-+1(3 .0%+") (%! .2 (%!
%' O *(# #Y%L)H#, 1. %+(1%,# ) * *% ## *#- %! $ (1 "+#I(* B + (O#
#2&.% (%! %' *(# #% 1-+1( %! 12 1%!+H 9 # (# 11.2 (%!* %'

Q6106+ *( (+(H#- #1 W 1915 (+(#* & (%' () * O#* * 5



I < 27 @ A)2@1(%$1
I( +*( (# %-+1(
5 5R 3 GR
G 5R 3 GR 8
8 5R 3 GR 8 5R 3 GR 8
/
v
- %
- R
/
v
7 R
J R R

b, (H- .- % Y%(OH - *(# HY,H# * % *H M-

Y2 1%!+H 91 %, #(.. (%! #1( %™ %' 1%! 1%!<+" (#- - #l#*
#, W +1H28.9% #- +1(. 56B63 =) +"H#I( - # *)b=#- () (- HIHF =H# #
HULH(H R (% #-+1(4% 11.2 (%8 )# \(# # (#2 1%! +,
B 11%&H( 1) #( &&H#-=() 4 #( %' #H1(%&) 4 *+1) * 3

L 1" %+& #AHL(%&) HFHIL+- 1" 89357 1- 3 +5+ . L #2LH#.HI( #-



5G

(14" %(# 1H( (H#EO#, <% - *(#H#%# = * (4

11.%Y88 <%1('#

| 427 @ < A)2@1(3%$'1 )
2 $ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
I( H# H#1( %&) # %-+1( #.-@
G B@X
>
G
)G!.G #& 73X
8
IBXR
4 3>. +,?D?EF&2
[ 3>??2? H 234 J8X
234
G 78X

b, (H- #- %', <% - *(HH#%,H# HYN%=I9 % #( #* - G O# & #H1# %'
106(J# - *(#H#%,# = * 10(-*L% - T)H L +H#& %-+1(=* (## = () 1#(1
N- #:& -H& % (%1)%, (%" & 15 (% - *##%# (% !I8X
1%, #- #.-

YA % &IA HE&\ R &HI(#() .1 1.Y6&H (#I(-# . 19619 1X(# -
%' 82A .2 HAH *- (# +*+ . (#- %' =* 1 1.%&#!( 1#* H%
11.9Y8 8 @]%L( 49 I- " 4# 1;* *+ *( (+(#- 1 1.%&#( #* H%
11.%Y8 8 <%L1( 9 * (O#, <% - *H#%H# )" 1%*( %' & - O#
- "% *(% 1) %,#( 1/+ 1((#* %' &A ) * &#1.+-# O# - &((%! %' () *

B VR IO0R Y Y%= 3 (O# - *1%4# () ( &2A .2 1%+.- # +*#-



*4

T(. (1. TO#'%, (% %' 11.11 %#(.. (# & %-+1(*'%, 1%!

1%1<+" (#- - #* = * 1 #21 (1" -#4#.%& #(FC () %! 1(.(1 ,%+( %'

2 196!+, # "HI( #i+ #-3 #4# 1%*( )%,%1) . #(.%L1H# #"HI(* 1%+ #

PR BB LI 1014 * ) #I+ #- () (AT # A5 % O# (% 1) %, #( 1

#H(3 .0%+") %l T@X %' O# & Yo-+1(* #- #(..(# () B" B )*

% (1%, 1" ., (*'+ O# '+11( %! . 2 (%! %' (O)# '(# # (# 1 1.9%&H(1#* |-

)Y I H (¢ -%&( %) * 1#= * 10#( 1 (%%.

G5

I O(

YL %!, (%! %'2 1%1%1 1.96&H# (HH( ) #' -
2 19191 1.9%&HI( HE! 4" *&#) &* O ,%*( &%=#"+. # 1(%! | O#

0%'2 1061061414 1)#,*( 1 O# #1(%!3 1 11.11 %"#,1# 1% *

*# .



(%% #- (% '+H11(%!.2#- 11.1#1%4H=)1)1! #,!&+. (# (%
Yo % (HH(FLEH H O IO % &H(H 1 1-GD -

%, H#1,G5 - % 0*'% , . * I0# * %' -#- % WGG .. -#%!*( (# O#
+(. (%' () * &%=H#"+. #)%-() " LO# . 5(#? &H#3 ()# *+*( (#

KEEEOL T HI((06] 0" ()# | (%"H! I- & %&H! . Y% #H( H1'3 ) "

"2>8 *

"2>8

)
#* %' SH(%IH % (- %, 2 1%I1%1 1.4* # 1%!* *(#I(. #((# =)#!
H A%, - #1H* 1%,8 #- (% (# #H H#H1%HHE& (5 () 9 LO# " *(
#? &H3 (- #1# +1-# =#HI(11)2 (%! -1 %! . (%! | #21#. #I( #.-3
SYEHE R = &%% *+*( (# GG )# # 1# 1 #? &4 Wl +! [+,
* 1+ " | ()# *#1%!- #? & #3 (# 1% #*&%!- 1"

B (% 11%&% (# ! (..GB(* &% (1( (% 1%®F# () (=)# (#



51
I(# - (#2 19%1%1 1.%&H (#1# = * [+#11)#- = () = (# 3 O# 1 1)2#- & %-+1(
=% 00 (M- 1)") #- A 1%1%1 1.9%&H!( ) 4 ! 1%4# (#- (%
1 1.%&H#( 1% 15 (%! %' | *0! (L.# '%..%=H )-%.** %' O# #*+.(I"

,HG

1# 2  $ 3$3 $43¢&$ 3 $ 0%.



16

Several other highly successful methods exist for prepaﬁng bicyclic
cyclopentenone derivatives. The elegant method of Buchwald used a catalytic
amount qf Cp,Ti(PMe;), and a stoichiome’;ric amount of isonitrile to convert enyne
into bicyclopentenones (in 40-80% yield).*> The key ~to thé successful
implementation of this methodoiogy required the use trialkylsilylnitriles, which are
in equilibrium with a small amount of trialkylsilylisonitrile; this essentially reduces
the concentration of free isonitrile in solution to almost zero. ‘The methodology
worked with substrates that fail with titanocene or zirconocene, including enynes
containing sensitive functional groups (e.g., esters, oxygen tethers). The mgthod as
initially- described may not see widespread adoption because the extremely air and
moisture sensitive nature of the catalyst necessitates that fhe reactions be perforrﬁed
in a dry box. However, the in situ generation of Cp;Ti(PMes), from air-stable
Cp.TiCl; and two .equivalents of n-BuLi in the presence of PMe; appears to provide
an easy route to an equally active catalyst.”® The mgthod 1s perhaps most limitgd n
requiring only non-terminal alkynes. Hdwever, since this writing, a communication
by Buchwald has appeared that efnploys the commercially available Cp,Ti(CO); in
catalytic quant-iti‘es.27 This methodology worked successfully with a variety of
enynes containing sensitive functioﬁality, 1,2-disubstituted alkenes and one example

of a primary alkyne. However, the reaction required 2.3 atm of CO. Buchwald
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suggested that the two catalyst systems do not go through the same
titanacyclopentene intermediate, but offered no ex'planation.

A sécénd communication by Buchwald desc':ribi‘ng the synthesis of énones
employing a nickel catalyst has appeared.zs. This catalyst system used a ligana
derrved from 1,2-diaminocyclohexane. The focus of this work is clearly to develop

an asymmetric variation of this reaction.

2.5 The Pauson-Khand R_eaction

Perhaps one of the most convergent methods for the synthesis of
cyclopentenones is the Pauson-Khand reaction, which represents a formal [2+2+1]
cycloaddition involving an alkyne, alkene and carbon monoxide (S.cheme li). This
subject has been extensively reviewed.”” The Pauson-Khand reaction successfully
generates cyclopentenone derivatives by both inter- and intramolecular variations.
In a typical procedure, the enyne is mixed with one equi'valent of Co02(CO)s and
then heated (either at reflux or ‘in‘a sealed tube) for several hours to days. Common
Asolvents are heptaﬁe, toluene and acetonitrile. The syﬁthetic'utility of the Pauson-
Khand reaction was en.hanced when it was disclosed that silica gel, ;certiary amine
N—oxides and DMSO markedly.accelerate the reaction.®® The Pauson:Khand

reaction works with enynes containing sensitive functionality, including esters,
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oxygen tethers and pﬁmary alkynes. (The first example of a zirc;onbcene mediated
cyclization-carbonylation reaction of a pseudo ferminal ;alkyne was recently
reported).”!

The alkyne=Co,(CO)s complexes fo;r_néd in the mitial stages of the reaction
are typically air-stable compounds and are readily isolated and characterized. No
‘later intermediates in the mechanistic pathway have; yet been identified. The next
step requires heat or amine oxides to promote CO disassociation followed by
alkene complexation to the vacant coordination site on cobalt. Irreversible alkene
insertion then occurs in the rate determining step, also setting the stereochemistry in
chiral substrates. Next, migratory CO insertion followed by reductive elimination
furnishes the enone as its Co(CO)s complex. Another reductive elimination
affords the fmél product and regenerates the Co,(CO)sL, metal catalyst. In
principle, the thermal Pauson-Kha‘nd reaction should be ca:talytic. Indeed, low
levels of catalytic turnover have beeﬁ observed, but the high temperaturés required
for CO disassociation probably decompose the transient _unbound Coy(CO)Ly

catalyst (vide infra, section 3.5).”
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(ca. 25-65%) yield.s.35 The Pauson-Khand reaction i'S‘é.ISO promoted By 1ron
carbonyl complexes under strenuous conditions (2 eq Fe(CO)s, 135-140 °C, 4-5
atm CO, 21-64. h) and with poor to moderate yields.* Recenﬂy, Sato demonstrated
that the (n’-propenyl)Ti(O-i-Pr), complex could mediate carbonylation of enynes.*’
Only two examples \;slere given, both in poor yiela. Finally, bicyclic enones are
obtainea from by treating a 1,6-diyne with catalytic Rh(acac)(CO), in the presence

of stoichiometric trialkylsilané under 15 atm of CO.*®
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continuation of the initial investigations of substrate directed stereocontrol in Zr-

enyne cyclizations (Scheme 12).'""

‘3.1 Preparation of 5-Substituted-1,6-Heptenynes

The first substrate targeted for study was S-hydroxymethyl-l-trimethylsilyl—
hept-7-en-1-yne 9 (Scheme 13). The analogous 5-hydroxy substrate shoWed
excelleﬁt stereoselectivity in zirconoceﬁe mediated cyclizations (vide supra, section
2.2) and the stereochemistry of the product should be readily determined by NOE
spectroscopy. Furthermore, the potential products derived from 'the 5-
hydroxymethyl bearing substrate woﬁld closely resemble the prostaglandin skeleton.
Earl'y work by Katzenellenbogen prompted us to explore selective deconjugative a-
alkylation of the dianioﬁ dérived from crotonic acid.”* Unfortunately, this
methodology is most successful with activatéd electrophiles (e.g. allylic and
benzylic). The homopropargylic electrophiles 4 and 4b ar‘e prone to elimination,.

. further exacerbating the problem. 'Simple. nonactivated electrophiles less prone to
eliminate, such és butyl bromide, alkylated in moderate yield to provided the a-
alkylated deconjugated acid. However, with competiﬁg elimination and y-
alkylation reactions, at best the desired product 8 was obtained inconsistently in-

exceedingly poor yield (< 10%) (Scheme 14). Of course, various solvents and
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cyclization of enynes bearing carboxamido moieties at the 3-position (e.g.; 14a,b
and 19, counting from the alkene) initially proved problematic (c.f.', Scheme 24),
unlike their previously cyclized hydroxy substituted counterparts 80 and 81 (entries
1 gnd 2, Table 4). Although cyclization could be achieved to some extent using the
standard set of reaction conditions, substrate to product conversion was typically
below 70% even when 2.1 equiv of Cp,Zr(n-Bu), was utilized. [The standard
protocol involves treatmént of 1 gquiv Cp2ZrCl; in THF with n-BuLi1 (2 equiv) at
-78 °C followed by the addition of the appropriate enyne substrate and suBgequent
stirring (-78 °C, 0.5 h then 25 °C, 12 h) to generate the corresponding
zirconocyclopentene‘].2 In light of the possibility that 14a,b and 19 might be
anomalous with respect‘to their rate of cyclization, we theorized that competitive
decomposition of the active Zr(IT) species might be responsible for the observed
nefficiency of conversion. It was previously .s‘hown that complexation with 4-
dimethylaminopyridine (DMAP) confered enhanced stability on low valent
zirconocéne complexes.59 In aqcordance with the foregoing hypothesis, cyclization '
of carboxamides 14a,b and 19 were performed in the_presence of 1 equiv each of
Cp2Zr(n-Bu), and DMAP. Unfortunately, the yields did not improve. When 2
equiv each of CpZr(n-Bu), and DMAP were utilized, the efficiency of cyclization |
was gratifyingly restored for the above substrates, to provide the

alkylidenecyclopentanes 84a,b and 85 in 91%, 93% and 94% isolated yield
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respectively. These results constituted the first examples of carboxamido
containing substrates to succefs'sﬁ';llsr undergo ziréopium(II) mediated bicyclization.
It was possible, that the carboxam‘ido functionality was involved in a previously
unobserved Zr—ligat;ion- effect, and may have been responsible for observed
turpitude of the intended ;:yclization.'. In addition, for each of the ébove cases a very

“high levlel of stereoselectivity was observed as a consequence of substrate controlled
cyclization. Specifically, the alkylidenecyclopentanes 84a,b and 85, the indicated
products were forméd in greater than 30:1, 99:1 and 50:1 isomeric purity,
respectively, as determined by capillary G.C. Th;ese results are summarized in
Table 4. In no .éases were any other diastereémers observed.

For carboxamido enynes 14,b and 19 the use of s-trictly alkoxide-free
butyllithium was essential for the successful implementation of this cyclization
strategy. Apparently _alkoxides ca’;alyze the 1somerization of the in@tial
alkylidenecyclopentane to the indicated cyciopentene (Scheme 24). A deuterium

quench showed no deuterium incorporation o to the carbonyl.
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were observable). See Table 4 entry 1 for a definition of H, and Hy. In the case of
91, thé trans relationship of the pendant methyl and hydroxy substitue;nts as well as
the £’ geometry of the alkylidene moiety were ultimately confirmed via single-
crystal X-ray analysis of the corresponding 4-phenylbenzoate ester.'? The
assignment of relative stereochemistry for 84a;b and 85 is tentative, as it rests
strictly on the absence of NOE's between the vicinal hydrogens H, and H;, and on
analogy with tﬁe stereochemical outcome of the cyclizations tiqat lgd to 90 and 91.

In this connection, the cycli.zation of amine 31 might be'se’en as
stereochefnically informative (Table 4). Exposure of 31 to Cp2Zr(n-Bu), under the
ste;ndard set of experimental conaitions (no DMAP) provided a predominént
diastereomeric alkylidenecyclopentane 95 (stereoselectivity > 40:1) in 88% yield
upon protonolysis. As in the previoué cases, no detectable NOE was observed
between H, and Hy,. However, a strong NOE was observable between H;, and the -
CH,N(Et), methylene. In light of the corpus of data preéented above, 1t 1s \‘/ery
likely that the stereochemical outcome of the cyclizations 84a,b and 85 1s
analogous.

Unlike the 5-hydroxy substituted enyne 81 which cyclized in 81% yield, the
diligently sought 5-hydroxymethyl enyne 9 failed to provide any recogrizable cyclic
pfoduéts, although the enyne itself was completely consumed during the course of

the reaction (Scheme 25). When converted to the corresponding TBS ethg'r, enyne
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The Zr(II) mediated cyclization of several 1-hepten-6-yne substrates bearing
a single C-4 substituent were subsequently examined. From the standpoint of
substrate der.ived ste;eocbntrol,- substituents of this variety were not expected to be
as influential as those prpximate to the sites of ring formation. Accordingly,
attempted cyqlization' of the alkoxide 70 failed and resulted in consumption of
starting material as with alkoxide 6 (Table 5). Fortunately, cyclization of 71 under
the usual conditions (vide supra, this séction5 proceeded without mncident to furnish
the predominately frans alkylidenecyclopentanes 99a and 99b (99a / 99b = 2) in
89% yield. The size of the silyloxy protectiﬁg group had little effect on the
diastereoselectivity, as 73 cyclized with nearly identical diastereoselection (iOOa /
100b = 2.1). Cyclization of 76 under analogous conditions provided 105a and
105b (105a /105b = 11) in 99% isolated yield. In the case of 99a and 99b, the
minor isomer 99b gave a NOE between the C-2 and C-4 hydrogens as would be
expected for a molecule possessing cis disposed substituents. In addition, the
TBDMSOCH, 'H resonance of the minor isomer 99b appeared as multi-line pattern
(2 dd, & 3.40) which could possibly be a consequence of resﬁiqted rotation (as
might be expected for the cis 1somer) §vhereas the TBDMSOCH, signal of 99a
appeared as a sharp doublet centered é‘; 3 3.46.- For 100a and 100b, the absence of

a NOE between the C-2 and C-4 methines of the major isomer 100a is consistent





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































